The high-energy spectra of GRBs can provide information on the extragalactic background light, the maximum energy to which GRBs accelerate particles, the Lorentz boost factor of GRB jets, Lorentz invariance violation, etc. HAWC is a ground based detector under construction in México at an altitude of 4100 m, capable of observing GRBs at energies higher than 30 GeV. Two data acquisition (DAQ) systems will operate in HAWC, both of them sensitive to GRBs. The triggered DAQ identifies and reconstructs air showers individually. The scaler DAQ searches for a statistical excess over the average detector-wide PMT background. We show that HAWC is sensitive enough to detect the brightest GRBs detected by Fermi such as GRB 090510 and GRB 090902B. We show that HAWC will be sensitive to energies higher than possible with Fermi. HAWC is a better instrument to observe >30 GeV emission from GRBs than Air Cherenkov Telescopes (ACTs), because it has a very wide field of view ( 2 sr) and near 100% duty cycle. This will allow HAWC to make observations from the beginning of the prompt phase for many GRBs, which is not possible with ACTs. Finally, we discuss the joint interpretation of scalers and triggered event observations and the implications for measuring high-energy spectra of GRBs.
HAWC & high-energy emission by GRBs
The prompt emission of GRBs is often described by the Band function [1] . This is a good fit for many, but not all, GRB spectra. In particular, many GRBs show an additional hard power law component at high energy. An early example of this are CGRO observations of GRB 941017 [2] . As of early 2011, LAT has detected 24 GRBs above 100 MeV, many of them with additional hard non-Band components. Among these are the bright long GRB 090902B [3] and the bright short GRB 090510 [4] . The non-Band component is a challenge to GRB models. Mechanisms suggested for this emission include proton synchrotron radiation in the prompt phase [5] and electron synchrotron in the early afterglow phase [6] . Besides helping understand the emission mechanism, the high energy spectrum allows the test of extragalactic background light models (EBL), it places a lower bound on the value of the Lorentz boost factor in the GRB jets, it is related to the highest energy to which GRBs can accelerate particles, it allows to search for Lorentz invariance violation, etc. Extending GRB observations to energies higher than those accessible to LAT is clearly very interesting. HAWC is a detector that will do this for bright GRBs such as GRB 090902B and GRB 090510. HAWC is Milagro's successor [7] . HAWC, already under construction in Mexico at 4100 m of altitude, is expected to be completed in 2014. HAWC operates by detecting at ground level the particles of cosmic ray air showers. HAWC will use 7.3 m diameter and 4.5 m deep water tanks instrumented with three 8 inch photomultiplier tubes (PMT). A total of 300 tanks are planned, covering an area of ≈22,000 m 2 . As the relativistic particles of an air shower go through the water tanks, Cherenkov radiation is emitted. This radiation is detected by the PMTs. The larger physical size of HAWC (×10 that of Milagro's bottom layer), higher altitude (4100 m vs. 2630 m) and improved design (tanks vs. pond) leads to a 15-fold increased sensitivity over Milagro for a Crab-like spectrum. Thanks to its large field of view and nearly 100% duty cycle, HAWC will be able to monitor a large portion of the sky and provide flux measurements or upper limits for a large number of GRBs. The Fermi GBM rate is ≈250 GRBs/yr [8] . The field of view of GBM is 8.74 sr (0.695 x 4π sr). Thus the GRB rate in GBM is 28.6 GRB/yr.sr. So, HAWC will have 57 GRB/yr in its ≈2 sr field of view. Because in the context of this paper HAWC is not self triggered, the rate of GRBs simultaneously in the field of view of Fermi GBM and HAWC is 40 GRB/yr. A calculation of the rate of GRBs that result in positive detections in HAWC is forthcoming. We will use methods similar to Ref. [9] . In contrast to HAWC, Air Cherenkov Telescopes (ACT) have a ≈2 min slewing delay and a field of view of a few degrees. Prompt observations of GRBs are critical, because it has been shown that after the prompt phase is over, the Vol. 8, 214
log(E/GeV) , where t is the redshift corrected time [10] . Furthermore ACTs can only operate in good weather moon-less nights, resulting in ∼10% duty cycle. In these proceedings we assume that GRB localization, time and duration are known from satellite observations. Known position and duration greatly reduce background for GRB studies. For details about HAWC's sensitivity to GRBs may be found in Ref. [11] . For details about HAWC see Ref. [12] .
The triggered DAQ
The triggered DAQ is HAWC's main DAQ. It records events produced by cosmic ray air showers that are large enough to simultaneously illuminate a significant fraction of HAWC. The trigger method that HAWC will use is still in development. Both hardware and software triggers are being considered by the collaboration with potentially significantly better sensitivity for GRBs than what is presented here. In these proceedings we assume a simple multiplicity trigger (SMT) of at least 70 PMTs hit in a 190 ns trigger window. Time to digital converters (TDCs) record the arrival time and width of PMT pulses for events that pass the SMT condition. TDC information enables the reconstruction of the shower core and direction, which in turn helps to determine the primary particle type and energy. Simulations predicts a trigger rate of 5 kHz for the SMT condition studied here. Galactic cosmic rays are simulated with CORSIKA [13] using 8 nuclei groups (p, He, C, O, Ne, Mg, Si and Fe), with an E −2 spectrum. The cosmic ray spectrum is re-weighted to match measurements by ATIC [14] . Gamma-rays are also simulated using this machinery and re-weighted for power-law spectra of various spectral indices and highenergy cutoffs as appropriate to describe the high-energy . Data from 2 different GRBs are corrected for duration and inserted for comparison [4, 3] . emission of GRBs. HAWC's detector response is simulated with code based on GEANT4 [15] . The simulation assumes PMTs have uncorrelated random noise of 20 kHz. Given a photon spectrum dN/dE, the signal rate S of the triggered DAQ is given by:
where A trig ef f is the detector effective area. The effective area of HAWC, calculated with the simulation described above, is shown on figure 1. The sensitivity of HAWC to GRBs depends on a number of factors, including the GRB emission time scale, emission spectrum, redshift, as well as on the trigger, reconstruction, zenith angle and background rejection capabilities of the experiment. After reconstructing the shower core and direction, a hadronic background rejection cut is applied. The background rejection method is based on a quantity called 'compactness', defined as the ratio of the number of PMTs hit in the event to the largest charge on a single PMT hit at a distance of at least 40 m from the shower core [16] . Hadronic air showers are both clumpy and muonrich, and thus tend to have small compactness. On the other hand gamma-ray air showers are muon-poor and hence have larger compactness. This cut reduces the gamma-ray efficiency by ≈ 15%. A cut is also applied to the angular distance between the reconstructed shower direction and the satellite reported position of the GRB. Figure 2 shows the flux required to make a 5 σ detection for a GRB with a 20
• zenith angle. For GRBs, or other transients, of very long duration, the sensitivity scales as 1/ √ t because background is large. For very short bursts, the sensitivity scales as 1/t because the expected background is very small. GRB fluxes detected by LAT and shown as examples in figure 2 have been corrected for duration.
Vol. 8, 215 Even with the very conservative triggering scheme considered here, it can be seen in Fig.2 that HAWC will be able to detect GRBs if the high energy emission extends to 100 GeV. Since EBL places a cutoff of about 125 GeV for a redshift of z = 1, the trigger system will be able to make detections of bursts at this or closer redshift. Similar simulations to those presented here, but with other trigger conditions allow the observation of GRBs with sharp cutoffs as small as ∼60 GeV. This reduction in threshold will allow the triggered DAQ to probe GRBs up to z ∼ 2.
The scaler DAQ
HAWC will be sensitive to gamma-ray transients in the GeV-TeV range using the scaler technique [17] . A statistical excess over the summed background rate of all PMTs in the detector indicates a large transient γ-ray flux. During regular operations, the counts in HAWC's PMTs are due to cosmic ray air showers, naturally occurring radioactivity near the PMTs and thermal noise in the PMTs. While the scaler system is not able to provide directional information, it is complementary to the trigger system and to other detectors, such as Fermi, that are sensitive to gamma-ray transients. Lower energies than those that can be studied with the triggered DAQ may still be observable by the scaler system. Signal simulation has been performed using the same software as for the triggered DAQ. The signal rate S in the scaler system is the number of PMT counts on excess above the nominal PMT rate for the entire detector. This signal rate is given by:
where dN/dE is the spectrum and A scaler ef f is the scaler effective area. Figure 3 shows the scaler effective area. The reader should note that individual showers can cause hits [19, 4, 3] .
in multiple PMTs, therefore the scaler effective area can be larger than the detector size. We expect the total detector rate to be B = 18 MHz (20 kHz ×900 PMTs). The distribution of total noise rate B is not Poissonian. This is because some of the sources of noise are correlated. Sources that produce two or more PMT signals result in a distribution that is wider than Poisson because of double counting in the measured rate. In order of importance, the sources of correlation are: (a) air showers resulting in more than one PMT hit, (b) PMT afterpulses and (c) Michel electrons due to muons that stop inside HAWC tanks. The correlations result in a distribution that is wider than a Poissonian. The Fano factor F [18] describes how much wider the real distribution is with respect to a Poissonian with the same mean value: σ 2 B = F B. The significance, Sig, of a given observation is:
where N P MT is the number of PMTs, R P MT is the average PMT rate, ΔT is the observation window and θ is the zenith of the GRB being studied. During the operation of HAWC the width of the noise distribution, and hence the Fano factor, will be measured experimentally. In the mean time, we have developed a dedicated background simulation to describe the PMT noise rate and calculated the Fano factor. The objective of the simulation is not to produce a series of distinct events as customary in particle physics simulation, but to produce a PMT hit stream as measured by the scalers. The simulation is similar to that described before, but appropriate times are assigned to each air shower, including the possibility of overlaps. Uncorrelated noise (e.g. due to radioactive decay) and afterpulses are included. The predicted Fano factor is 17.6 resulting in a reduction of sensitivity by a factor of 4.2 with respect to purely Poissonian noise.
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• and 25.8
• . Since the background in the scaler system is always large, the sensitivity scales as 1/ √ t. It can be readily noticed that GR-B 090510 would have been observable by HAWC with a cutoff as low as 30 GeV, precisely the maximum energy seen by LAT. Therefore HAWC scalers are already assured to be able to make positive detections. Note that the limited physical size of LAT prevents it from observing at higher energies, but this limitation doesn't apply to HAWC.
Joint sensitivity of main and scaler DAQs
A generic high-energy GRB spectrum can be characterized by the flux normalization, the spectral index and a highenergy cutoff. The cutoff can be due to EBL attenuation or due to intrinsic characteristics of the GRB emission. The sensitivity of the two DAQs are complementary: the scaler DAQ covers a lower energy range than the triggered DAQ. Both DAQs provide a measurement of the GRB signal strength. In principle, the main DAQ also allows for event by event energy reconstruction. However at energies below ∼1 TeV, the showers detected by HAWC are those in which the first interaction happens lower than average in the atmosphere. Therefore showers of different energies will look similar, making energy reconstruction in the low energy regime challenging. We have investigated the possibility of a joint main and scaler DAQ study, of a reference GRB similar in characteristics to GRB 090510. Fig. 5 shows a simulation of a simultaneous measurement of the flux normalization and spectral cutoff of a GRB by combining the information from the main DAQ and scalers. The simulated GRB spectrum has a spectral index of 1.62 and a Heaviside cutoff at 150 GeV. The flux normalization, chosen to match GRB 090510, was used to set a significance level in both DAQs. The green band shows the region compatible within 1 σ with the observation by the main DAQ. The blue curve shows the line of constant significance for the scalers. Systematic errors are not included. The variation of PMT noise rate due to atmospheric conditions and instrumental effects are expected to be the main sources of systematic uncertainties in the scaler DAQ. Fig. 5 shows that the joint observations by both DAQs will allow to measure high-energy cutoffs well above the range possible with LAT.
Conclusions
The HAWC Observatory has promising potential in the study of >30 GeV emission by GRBs. Approximately ∼40 GRBs/yr will be simultaneously in the field of view of HAWC and GBM, allowing for studies in the prompt phase. Because slewing is not required, HAWC is a better tool to study emission by GRBs than air Cherenkov telescopes. We have shown that HAWC's two DAQs would be able to observe bright GRBs already seen by Fermi LAT if the emission extends to energies between 30 and 100 GeV. For instance, if a burst like GRB 090510 were to be seen in the field of view of HAWC, it would be detected at 5σ or better by the scaler DAQ. We presented a simple method via which the joint observations of the scaler and triggered DAQ that allow the measurement of high-energy cutoffs in GRBs in an energy range inaccesible to LAT.
